Abstract The polymorphic inversion on 17q21, that includes the MAPT gene, represents a unique locus in the human genome characterized by a large region with strong linkage disequilibrium. Two distinct haplotypes, H1 and H2, exist in modern humans, and H1 has been unequivocally related to several neurodegenerative disorders. Recent data indicate that recurrent inversions of this genomic region have occurred through primate evolution, with the H2 haplotype being the ancestral state. Neandertals harbored the H1 haplotype; however, until now, no data were available for the Denisova hominin. Neandertals and Denisovans are sister groups that share a common ancestor with modern humans. We analyzed the MAPT sequence and assessed the differences between modern humans, Neandertals, Denisovans, and great apes. Our analysis indicated that the Denisova hominin carried the H1 haplotype, and the Neandertal and Denisova common ancestor probably shared the same subhaplotype (H1j). We also found 68 intronic variants within the MAPT gene, 23 exclusive to Denisova hominin, 6 limited to Neandertals, and 24 exclusive to present-day humans. Our results reinforce previous data; this suggests that the 17q21 inversion arose within the modern human lineage. The data also indicate that archaic hominins that coexisted in Eurasia probably shared the same MAPT subhaplotype, and this can be found in almost 2% of chromosomes from European ancestry.
extends ϳ1.6 Mb (Baker et al. 1999 ), which in turn differentiates two major haplotypes: H1 (direct orientation) and H2 (inverted orientation), with no recombination between them. The H1 haplotype is the most frequent variant, and it is present in all present-day human populations, whereas the H2 is mainly found in Southwest Asian and Southern European populations, with frequencies ranging from 21 to 32% (Donnelly et al. 2010; Evans et al. 2004) . Interestingly, different H1 variants have been associated with several neurodegenerative disorders, such as Alzheimer's disease, Parkinson's disease, progressive supranuclear palsy, corticobasal degeneration, and frontotemporal dementia Höglinger et al. 2011; Setó-Salvia et al. 2011; Simón-Sánchez et al. 2009 ). On the other hand, the H2 haplotype has been associated with increased fecundity and higher recombination rates over the genome, which might be related to the positive selection found in the Icelandic population (Stefansson et al. 2005) . Because of the peculiarities of this unique genomic region, several studies have focused on the reconstruction of its evolutionary history. In this sense, genetic analyses in nonhuman primates such as macaques and orangutans suggest that H2 is the ancestral state, and recurrent inversion events have occurred independently in chimpanzees and humans (Donnelly et al. 2010; Zody et al. 2008) . However, whether the H1 haplotype is the primitive orientation in the Homo genus and H2 arose either by a recent inversion in modern humans from Africa, or by introduction to humans from other hominins, is still a matter of controversy. High throughput sequencing of nuclear DNA from Neandertal specimens has recently led to the conclusion that Neandertals carried the more common H1 haplotype . Also, recently, DNA from a bone excavated in Denisova Cave in the Altai Mountains (Southern Siberia) was sequenced. This Denisova individual belongs to a hominin group that shares common ancestors with Neandertals (640,000 years ago) and therefore is a sister group that also lived during the Late Pleistocene (Reich et al. 2010) . Whether Denisova also carried the H1 haplotype was not specifically evaluated in the study by Reich and collaborators. We have used DNA sequence data from these two archaic hominins to help elucidate the evolution pattern of this singular polymorphic inversion. We have also employed our data from a previous analysis of the MAPT region in present-day European population (Setó-Salvia et al. 2011) to unravel the frequency in modern humans of the haplotype variant carried by both archaic hominins.
Materials and Methods
In order to analyze the Neandertal and Denisova low-coverage genomes, bam read files from all Neandertal samples from the UCSC ftp site (ftp://hgdownload.cse.ucsc.edu/gbdb/hg18/neandertal/seqAlis) which were downloaded and merged, and Denisova data were obtained from ftp://hgdownload.cse.ucsc.edu/ gbdb/hg18/denisova/. The same filters for mapping quality and damage treatment were largely used as in previous studies (Reich et al. 2010; Sánchez-Quinto et al. 2012; Skoglund et al. 2012 ). Because both ancient hominin genomes are at low coverage, only reads with a base quality of at least 30 were used for comparison with the corresponding human MAPT sequences.
The first Denisova high-coverage genome has been available online since February 2012. Because low-coverage genomes could be prone to sequence errors, and in the case of ancient DNA, influenced by postmortem modifications, we performed the same analysis with the use of the high-coverage Denisova genome.
The entire human MAPT sequence was retrieved through the Unified Genotyper program from the GATK package (www.broadinstitute.org/gsa/wiki/index. php/The_Genome_Analysis_Toolkit) version 1.0.4641M, using default parameters.
This region comprised the 134,002 bp genomic segment in chromosome 17 (from position 41,327,544 to position 41,461,546 of the human genome hg18 assembly). The biallelic polymorphisms rs1467967, rs242557, rs3785883, rs2471738, and rs7521 were used to define the different subhaplotypes, as described earlier (Myers et al. , 2007 Pittman et al. 2005) . To analyze the 238 bp insertion/deletion polymorphism in intron 9 (del-In9), we used the genetic variant rs17652121, which is in complete linkage disequilibrium and can be used as a surrogate marker for the inversion status (Baker et al. 1999) . Data regarding the frequency of MAPT subhaplotypes in European individuals were retrieved from our previous data (Setó-Salvia et al. 2011) , resulting from the genotyping of the six polymorphisms in a series of 374 unrelated Spanish individuals from European ancestry.
Results
Up to 50.8 and 87% of the 134,002 bp region (including the MAPT gene) has been sequenced in Neandertals and Denisova hominin, respectively. These sequences include five biallelic polymorphisms (rs1467967, rs242557, rs3785883, rs2471738, and rs7521) and a 238 bp deletion between exons 9 and 10 of MAPT that distinguishes H1 from H2 haploytpes (Myers et al. , 2007 Pittman et al. 2005) . Specific alleles of this genomic region in different human linages and nonhuman primates are shown in Table 1 . Our analysis indicates that the haplotype in Denisova hominin falls within the H1 chromosome. Detailed analysis of its composition disclosed that both hominins harbored the H1j variant, 
although the heterozygous genotype at the rs3785883 polymorphism in Denisova could also designate the H1l variant in this hominin. The H1j variant represents ϳ1.7% of all possible subhaplotypes in present-day humans of European ancestry (Figure 1 ). In order to gain better knowledge of the genetic differences between hominins, the 134,002 bp genetic region comprising the MAPT gene was compared between modern humans, Neandertals, Denisova, and other nonhuman primates (Table 2) . A total of 68 intronic variants was found-23 were exclusive to the Denisova hominin, 6 were exclusive to Neandertals, and 24 were exclusive to modern humans.
Discussion
The Neandertal and modern human lineages diverged about 800,000 years ago (Reich et al. 2010) . The most recent remains from Denisova, a phalanx found in 2008 and a molar found in 2010 (Reich et al. 2010) , are dated between 30,000 and 50,000 years ago. There is no doubt that these three species co-existed during the same time period, but how the MAPT gene sequence differed between them is still unknown (Figure 2) (Cruts et al. 2005; Donnelly et al. 2010; Hardy et al. 2005; Holzer et al. 2004; Stefansson et al. 2005; Zody et al. 2008) ; so far there is no evidence of MAPT variants flowing between them. To understand when the H2 inversion appeared in evolution, several studies have analyzed MAPT SNPs that are in linkage disequilibrium with the H1 and H2 haplotypes in human populations (Steinberg et al. 2012 ) and other primates (Donnelly et al. 2010; Steffanson et al. 2005) . Recent analysis of nuclear DNA from Neandertals showed the H1 haplotype suggesting that the inversion appeared recently in the human lineage; however, there is still uncertainty over when the inversion occurred. 
The present study analyzes the currently available data, and it indicates that Denisova hominin carried the H1 haplotype. This observation could be explained by the fact that Denisovans and Neandertals were closely related, though there is still debate about the classification of Denisovans as a distinct species and about their temporal and geographical distribution. Also, a more detailed analysis shows that both archaic hominins probably carried the H1j subhaplotype. However, the presence of a possible heterozygous state of one biallelic polymorphism in Denisova could also indicate that this hominin carried the H1l subhaplotype. Interestingly, none of these variants (H1j or H1l) have been related to any of the neurodegenerative diseases that are relatively common to present-day humans, such as Alzheimer's dementia or progressive supranuclear palsy (where the H1c is a risk haplotype) or Parkinson's disease (where the H1p variant has been overrepresented in patients compared with healthy controls) Pittman et al. 2005; Setó-Salvia et al. 2011) . Krause et al. (2010) suggested that Denisova derives from a hominin migration out of Africa [ca. 1.0 Ma] distinct from that of the ancestors of Neandertals and of modern humans. But an alternative interpretation has been proposed by Martinón-Torres et al. (2011) , who stated that an Asian origin of the Denisovans cannot be excluded. Both hypotheses can neither be confirmed nor refuted on the basis of the available MAPT sequence data. These results also argue against the introduction of the H2 haplotype into European populations through a gene flow from any of these two archaic hominins. Because data from both Neandertals and Denisova are scarce, we cannot discard the existence of H2 chromosome carriers (either heterozygous or homozygous) co-inhabiting during the same period. The comparison of the MAPT gene sequence between these 
a. Lower cases indicate the ancestral state of human polymorphisms.
three hominids and great apes has provided a greater knowledge of their genetic variation at the MAPT locus, which will, in turn, provide a better understanding of the causes of human evolution, variation, and disease.
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